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Abstract 

This paper covers the Flemish legislative tools concerning the management of bottom ash, fly ash and APC residue from munic¬ 
ipal waste incinerators, with respect to their contamination with heavy metals. The situation in Flanders is compared to the one in 
the Walloon region, The Netherlands, Germany and France. 

Waste management in the countries considered differs on the level of available management options, of leaching tests and of limit 
values. To make an indicative comparison of leaching tests and limit values in the different countries, leaching tests were carried out 
on bottom ash and fly ash, and the results are compared to the relevant limit values for recycling and landfilling of the different 
countries. 

The comparison of legislations as well as the leaching results show that discrepancies in waste management between the different 
regions and countries exist. Recently, European limit values for landfilling became available. European legislation on recycling, how¬ 
ever, has not been developed and urgently needs to be considered and drafted as the market for recycling can be expanding rapidly. 
© 2004 Elsevier Ltd. All rights reserved. 


1. Introduction 

In a municipal solid waste incinerator (MSWI) differ¬ 
ent types of residues are produced (Fig. 1), the most 
important being bottom ash, which amounts to 20-30 
wt% of the original municipal solid waste. Boiler ash 
is collected in the steam boiler. To clean the flue gases, 
usually reagents such as NaHC0 3 or Ca(OH) 2 are in¬ 
jected in a dry or semi-dry scrubber. Fly ash is collected 
separately by an electrostatic precipitator or along with 
the reaction products and excess reagent on a fabric fil¬ 
ter. This may be followed by an additional wet flue gas 
cleaning. In this paper, fly ash is defined as solid residue 
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originating from flue gas cleaning with no other prod¬ 
ucts added; air pollution control (APC) residue is the 
flue gas cleaning residue together with reaction products 
and excess reagent. The ashes mentioned all contain 
heavy metals (IAWG, 1997), the most important being 
Cu, Pb and Zn (Table 1). Volatile metals such as Pb 
and Zn are usually found in higher concentrations in 
fly ash and APC residue than in bottom ash. 

These residues are in practice recycled or landfilled. 
Advantages of recycling are that no landfill space is 
needed and that the materials may replace useful raw 
materials, which should be otherwise mined. Recycling 
may be stimulated by a landfill ban or by increasing 
landfill taxes. Fig. 2 illustrates the increase over the per¬ 
iod 1989-2000 of the total cost of the landfilling of haz¬ 
ardous waste in Flanders (OVAM, 2001a). The total 
landfilling cost more than quadrupled, due to an in- 
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Fig. 1. Process scheme of a municipal solid waste incinerator. 


crease of both the net price and the taxes. Recycling of 
incineration residues may be hampered due to consider¬ 
ations related to environmental safety and product 
quality. 

In the first part of this paper, an overview is given of 
the legislation (both relative to recycling and landfilling) 
regarding incinerator residues in Flanders (Belgium) and 
in neighbouring regions and countries. Only inorganic 
compounds are included in the discussion. In the second 
part of this paper, the results of different leaching tests 
on bottom ash and fly ash are presented and compared 
to the relevant heavy metal leaching limit values of the 
different countries, in order to compare the different na¬ 
tional legislations. 

2. Overview of leaching tests 

Leaching limit values and leaching results depend on 
the leaching test performed. The formally required 
leaching tests in the different countries are presented 

Table 1 


Heavy metal content of MSW residues (mg/kg dry matter) (IAWG, 
1997) 



Bottom ash 

Boiler ash 

Fly ash 

APC residue 

As 

1-200 

20-60 

40-300 

20-500 

Ba 

400-2500 

2000-3000 

300-3000 

50-14000 

Cd 

1-70 

20-1300 

50-450 

140-1400 

Co 

20-50 

20-200 

10-90 

1-300 

Cr 

20-3000 

200-1000 

140-1100 

70-600 

Cu 

300-8000 

500-1000 

600-3200 

10-2400 

Mo 

2-300 

20-40 

15-150 

2-40 

Ni 

100-600 

100-1500 

60-260 

20-700 

Pb 

100-14,000 

1000-35,000 

5300-26,000 

2500-22,000 

Sb 

10-400 

200-1000 

260-1100 

80-1100 

Se 

<10 

10-100 

1-30 

1-30 

Sn 

2-400 

200-700 

550-2000 

300-1400 

Zn 

1000-7000 

5000-50,000 

9000-70,000 

7000-50,000 


with focus on type, duration and LIS ratio. The type 
of leaching test refers to either column leaching with 
equilibrium not necessarily achieved or batch extrac¬ 
tion test where equilibrium is assumed to have been 
reached. 

2.1. NEN7343 and prEN14405 column tests 

For the NEN7343 test a column (20 cm length, 5 cm 
internal diameter) is filled with material, which was pre¬ 
viously crushed to particle size <4 mm. The column is 
percolated with distilled water (acidified with concen¬ 
trated HN0 3 down to pH 4) from bottom to top with 
a maximum water flow of 2 cm/h. The eluate is collected 
in several fractions depending on the total liquid to solid 
ratio ( LIS) that needs to be reached. When the total LIS 
has to be 10, seven fractions are collected corresponding 
with LIS of 0.1, 0.1, 0.3, 0.5, 1, 3 and 5. The test takes 
about 3 weeks. When the total LIS has to be 1, only 
the first four fractions are collected. The leachate frac¬ 
tions are filtered over a 0.45 pm membrane and con¬ 
served for analysis. The metal concentrations in the 
consecutive fractions are summed to obtain a cumula¬ 
tive leached concentration. 

The draft prEN 14405 procedure is similar to the 
NEN7343 column test but the total LIS is 0.1. The single 
leachate fraction of the EN test equals in fact the first 
fraction of the NEN test. 

2.2. DIN38414-S4, EN12457I4 and NFX31-210 
extraction tests 

In the DIN test, 20 g of material crushed to particles 
<4 mm, is leached in 200 ml of distilled water (L/*S =10) 
for 24 h while agitating. The slurry is then filtered over a 
0.45 pm membrane to give a leachate, which can be 
analysed. 
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Fig. 2. Evolution of landfill cost for hazardous waste in Flanders. 


The EN procedure is similar to the DIN test. 

In the NFX test, the material is leached for only 16 h, 
but the extraction is repeated two times reusing the res¬ 
idue on the 0.45 pm filter membrane {LIS - 30). The me¬ 
tal concentrations in the three leachates are summed. 


3. Legislation and waste management in Flanders 

In Flanders (population = 5.95 million), 67% of 
MSW was collected separately in 2001 (VMM, 2002). 
Eleven MSW-incinerators incinerated in 1999 ca. 
900,000 tons of solid waste. This led to 200,000 tons 
of bottom ash and to 35,000 tons of APC residue and 
boiler ash (OVAM, 2001b). In 2001, 258,000 tons of 
bottom ash were produced (OVAM, 2003). 

3.1. Recycling 

The Flemish government has drafted a list of hazard¬ 
ous wastes according to European legislation. Bottom 
ash is not hazardous and can, from the legal point of 
view, be considered for recycling in construction appli¬ 
cations on condition that the application complies with 
certain requirements. For inorganic compounds (e.g., 
heavy metals), limit values were defined in Flanders 
for the leaching concentration of granular material (Ta¬ 
ble 2), using the NEN7343 column test. These limit val¬ 
ues are valid for granular materials with a density of 
1550 kg/m and which are applied in a volume with a 
height of 0.7 m. In other conditions, laboratory leaching 
results should be recalculated to immission values and 
compared to immission limit values for soil. When gran¬ 
ular materials comply with the limit values, they can be 
used as such or as an aggregate in monolithic applica¬ 
tions. Granular materials that do not comply with the 
limit leaching values for granular applications can be 
recycled in monolithic applications, provided that the 


immission concentrations, calculated from the labora¬ 
tory results using the NEN7345 diffusion test, comply 
with the immission limit values for soil. Besides the envi¬ 
ronmental limit values, civil-technical requirements 
(grain size distribution, strength, etc.) have to be met 
as well. When both leaching and civil-technical limit val¬ 
ues are complied with, utilisation is unrestricted with re¬ 
spect to isolation measures. 

In practice, immediate recycling of MSWI-bottom 
ashes is not possible in Flanders, because the leaching 
limit values are exceeded for copper and occasionally 
for lead and zinc (OVAM, 2001b; Vandecasteele et al., 
2002). Also the particle size distribution of bottom ashes 
does not comply with that specified in the Belgian tech¬ 
nical description of building materials, which applies to 
all construction activities for the government. So bottom 
ashes either have to be treated before recycling or have 
to be landfilled. 

Unlike the situation in The Netherlands and Ger¬ 
many, treatment of bottom ashes, such as magnetic sep¬ 
aration of iron, non-ferro separation, sieving and 
crushing of particles >40 mm, is not standard proce¬ 
dure. In Flanders two main bottom ash treatment plants 
are in operation (OVAM, 2001b). One is a wet sieving 
system with a capacity of 165,000 tons/year and the 
other a dry sieving system with a capacity of 300,000 
tons/year. The wet processing of bottom ashes has sev¬ 
eral clear advantages over the dry system in view of 
quality-assurance: the light organic fraction floats in 
the washing barrel and can easily be removed, soluble 
salts are readily washed out, the rinsing effect produces 
visual clean end-products, and a high sieving efficiency 
is obtained producing high quality granulates. Bottom 
ashes processed by the wet sieving system are separated 
into ferrous and non-ferrous fractions which can be 
recycled, a 0-0.1 mm sludge fraction which has to be 
landfilled, a 0.1-2 mm sand fraction which can be used 
as construction material (e.g., on landfills), and 2-6 
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Table 2 


Limit values for recycling of waste as construction material in selected countries 


Category 

Flanders 


Wallonia 


The Netherlands 


Germany 









France 


All 

Granular BA 


Cat. 1 

Cat. 2 

BA 

Z 0 


Zi.i 


Zi.2 


z 2 


BA 

V 

M 

Criterion 

Content a 

Leaching Leaching 


Leaching 1 



Content 

Leaching 

Content 

Leaching 

Content Leaching 

Content 

Leaching 

Leaching Leaching 


Test 

Destr. b 

NEN 

column 

DIN d 

extr. 

NEN 

column 

NEN 

column 



Destr. b 

DIN d 

extr. 

Destr. b 

d extr. 

Destr. b 

d extr. 

Destr. b 

DIN d 

extr. 

DIN d 

extr. 

NFX 

extr. 


LIS 

— 

10 

10 

10 

10 

10 

10 

— 

10 

— 

10 

— 

10 

— 

10 

10 

30 

30 

Al 

— 

— 

2000 

2000 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

As 

250 

0.8 

1.0 

0.8 

0.88 

7.0 

7.0 

20 

0.1 

30 

0.1 

50 

0.4 

150 

0.6 

— 

2 

4 

Ba 

— 

— 

— 

— 

5.5 

58 

58 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Cd 

10 

0.03 

1.0 e 

0.03 

0.032 

0.066 

0.066 

0.6 

0.02 

1 

0.02 

3 

0.05 

10 

0.1 

0.05 

1 

2 

Co 

— 

— 

1.0 

0.25 

0.42 

2.5 

2.5 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Cr 

1250 

0.5 

— 

0.5 

1.3 

12 

12 

50 

0.15 

100 

0.3 

200 

0.75 

600 

1.5 

2 

— 

— 

Cr VI 

— 

— 

1.0 e 

0.05 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1.5 

3 

Cu 

375 

0.5 

20 e 

5.0 

0.72 

3.5 

24 

40 

0.5 

100 

0.5 

200 

1.5 

600 

3 

3 

— 

— 

Hg 

5 

0.02 

0.2 e 

0.02 

17nn 

0.018 

0.076 

0.076 

0.3 

0.002 

1 

0.002 

3 

0.01 

10 

0.02 

0.01 

0.2 

0.4 

IV 

Mo 

— 

— 

1.5 

I /uu 

1.8 

0.28 

0.91 

26 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Ni 

250 

0.75 

2.0 e 

1.8 

1.1 

3.7 

3.7 

40 

0.4 

100 

0.5 

200 

1.5 

600 

2 

0.4 

— 

— 

Pb 

1250 

1.3 

2.0 e 

2.2 

1.9 

8.7 

8.7 

100 

0.2 

200 

0.4 

300 

1 

1000 

2 

0.5 

10 

50 

Sb 

— 

— 

2.0 

0.3 

0.045 

0.43 

2.1 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Se 

— 

— 

— 

— 

0.044 

0.1 

0.1 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Sn 

— 

— 

— 

— 

0.27 

2.4 

2.4 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

V 

— 

— 

— 

— 

1.6 

32 

32 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Th 

— 

— 

— 

— 

— 

— 

— 

0.5 

<0.01 

1 

0.01 

2 

0.03 

10 

0.05 

— 

— 

— 

Ti 

— 

— 

20 

2.4 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Zn 

1250 

2.8 

9.0 e 

4.0 

3.8 

15 

15 

120 

1 

300 

1 

500 

3 

1500 

6 

3 

— 

— 

Br“ 

— 

— 

— 

— 

2.9 f 

44 f 

44 f 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

cr 

— 

— 

5000 

6000 

599 f 

8807 f 

8807 f 

— 

100 

— 

100 

— 

200 

— 

300 

2500 

— 

— 

F“ 

— 

— 

50 

20 

13 f 

102 f 

102 f 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

SOj" 

— 

— 

10,000 

4000 

1136 f 

22,027 f 

22,027 f 

— 

500 

— 

500 

— 

1000 

— 

1500 

6000 

10,000 

15,000 

Total CN“ 

— 

— 

0.46 

0.2 

— 

— 

— 

1 

<0.1 

10 

0.1 

30 

0.5 

100 

1 

— 

— 

— 

Free CN~ 

— 

— 

— 

— 

— 

— 

— 

1 

— 

10 

— 

20 

— 

100 

— 

0.2 

— 

— 

pH 

— 

— 

7-12 

— 

— 

— 

— 

5.5—8 a 

5.5—10 a 

5.5—8 a 

5.5—12 a 

5-9 a 

5.5—12 a 

— 

— 

7-13 

— 

— 


All values are expressed in mg/kg dry matter for the sake of comparison, although formal values are sometimes in mg/1. 
a Indicative values. 

b Destruction in Flanders has to be performed with HC1, HNO3 and HF; destruction in Germany is performed with Aqua Regia. 

c The leaching values for granular material in The Netherlands are calculated from the immission limit values for judgment purposes, using default values in the conversion formula as proposed by KIWA (1999) and using 
the same parameters as in Flanders (material density = 1550 kg/m , height of used volume = 0.7 m). 

d Formal limit values are expressed in mg/1 but are recalculated to mg/kg by multiplication with the applied LIS ratio. 
e Sum of Cd, Cr VI , Cu, Hg, Ni, Pb and Zn has to be lower than 50 mg/kg dry matter. 

Other limit values apply for specific conditions. 
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and 6-50 mm granulate fractions for which certificates 
were obtained for use as granular material in founda¬ 
tions. The granulates have to be stored for ageing during 
three months prior to application. For the 2-6 mm frac¬ 
tion, a certificate was obtained for use as replacement of 
raw materials such as sand and gravel in concrete bricks 
(Jaspers, 2002). The dry sieving system produces frac¬ 
tions of 0-10, 10-22, 22-40 and 40-80 mm in addition 
to the ferrous and non-ferrous fractions (Cortvriend, 
2001). The fractions of 10^10 mm have a certificate for 
use in underfoundation, but only for specific 
applications. 

To date, a significant fraction of the treated bottom 
ashes in Flanders is recycled, mostly in Wallonia. The 
market in Flanders itself is still immature. This can 
partly be explained by the very low limit value for Cu 
in comparison with Wallonia and neighbouring coun¬ 
tries and by the only recent emergence of the wet sieving 
technology. In time this market is expected to grow sub¬ 
stantially (Vrancken et al., 2000). In 2001, 54,000 tons of 
bottom ashes were exported to The Netherlands and 
17,000 tons to Germany (OVAM, 2003). 

3.2. Landfilling 

When incinerator waste cannot be recycled, landfill¬ 
ing is the only option. The criteria for disposal of wastes 
are specified in the legislation. Fly ash and APC residue 
from waste incineration are hazardous wastes and have 
to be disposed of in category-1 landfills, which are land¬ 
fills for the disposal of non-reactive hazardous wastes 
and for non-hazardous wastes of mainly inorganic com¬ 
position. The leachability of heavy metals, following the 
DIN38414-S4 leaching test procedure, has to comply 
with the limit values given in Table 3. If the waste does 
not comply with these leaching limit values, immobilisa¬ 
tion of the waste with additives such as cement has to be 
applied. If the best available technology for immobilisa¬ 
tion does not produce a result that complies with all 
requirements, so-called “salt cell” conditions should be 
used in which a physical barrier prevents contact of 
the waste with percolating water. Unlike fly ash and 
APC residue, bottom ash from municipal waste inciner¬ 
ation is also accepted in category-2 landfills, which are 
exclusively for non-hazardous wastes. The leaching cri¬ 
teria are similar to those for category-1 landfills. 

No fly ash or APC residue from waste incineration is 
recycled in Flanders. These residues are landfilled in cat¬ 
egory-1 landfills. The soluble salt content and the lead 
leachability exceed the limit values for disposal in cate¬ 
gory-1 landfills; therefore, fly ash and APC residue have 
to be treated before disposal. Adding cement is a com¬ 
mon technique but cannot always reduce Pb leaching 
to below the limit value. Other immobilisation recipes 
then have to be applied. These additives, however, do 
not reduce the soluble salt content to below the 10% lim¬ 


it value. So-called salt cell conditions are therefore 
needed to prevent contact with percolating water (Gey- 
sen et al., 2004a,b). 

4. Legislation and waste management in neighbouring 
regions or countries 

4.1. The Walloon region 

In 2001 Wallonia (population = 3.35 million) col¬ 
lected 53% of its MSW selectively, which leaves 
650,000 tons of solid waste to be terminally removed. 
Of this amount, 28% was incinerated in 4 incinerator 
installations, resulting in about 37,000 tons of bottom 
ash (CEE, 2003). 

4.1.1. Recycling 

In Wallonia bottom ash, fly ash and APC residue can 
be labeled as either hazardous or non-hazardous, 
depending on the total content of, among others, heavy 
metals. In practice, bottom ash is assumed to be non- 
hazardous, while fly ash and APC residue are considered 
possibly hazardous. The latter are therefore not included 
in the list of wastes that are eligible for recycling. Bot¬ 
tom ash does appear on this list and can be recycled 
as such in foundation constructions or as an aggregate 
in concrete. However, of all materials on the list, bottom 
ash is the most rigorously tested. Leaching of either 
application (as such or as aggregate in a monolith) has 
to comply with a set of limit values using the 
NEN7343 column test and with a set of limit values 
using the DIN38414-S4 extraction test (Table 2). These 
limit values are specifically to be used in the case of bot¬ 
tom ash. 

4.1.2. Landfilling 

The Walloon region has established three main 
classes of landfills: class-1 landfill accepts hazardous 
wastes, class-2 is for the disposal of non-hazardous 
industrial and municipal waste, and class-3 for inert 
waste. Besides these categories, landfills exist for dredg¬ 
ing sludge (class-4) and for exclusive use by one waste 
producer (class-5). To date no limit values exist as 
acceptance criteria for waste. Acceptance is based on 
the broad definitions of hazardous, non-hazardous and 
inert waste. Fly ash and APC residue should be land- 
filled in a class-1 landfill. Wallonia, however, does not 
have such a landfill (CEE, 2003). These residues are then 
either transported abroad or treated in order to landfill 
them in class-2 landfills (MRW, 1998). 

4.2. The Netherlands 

In the Netherlands (population = 16 million), 11 
large MSW-incinerators incinerate about 5 million tons 


oo 
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Table 3 


Limit values for disposal of hazardous (H) and non-hazardous (NH) waste in selected countries 


Category 

Flanders 


The Netherlands 

Germany 



France 



European Union a 






II 

I 

c 3 

z 3 

Z 4 

z 5 

I 

IA 

IB 

Non-hazardous 


Hazardous 



Waste 

NH 

NH/H 

H 

NH 

NH 

H 

H 

H 

H 

NH/H 



H 



Test 

DIN b 

DIN b 

NEN 

DIN b 

DIN b 

DIN b 

NFX 

NFX 

NFX 

EN 

EN 

EN b 

EN 

EN 

EN b 


extr. 

extr. 

column 

extr. 

extr. 

extr. 

extr. 

extr. 

extr. 

extr. 

extr. 

column 

extr. 

extr. 

column 

LIS 

10 

10 

1 

10 

10 

10 

30 

30 

30 

2 

10 

0.1 

2 

10 

0.1 

As 

10 

10 

9 

2 

5 

10 

10 

30 

30 

0.4 

2 

3 

6 

25 

30 

Ba 

— 

— 

60 

— 

— 

— 

— 

— 

— 

30 

100 

200 

100 

300 

600 

Cd 

5 

5 

0.2 

0.5 

1 

5 

25 

100 

50 

0.6 

1 

3 

3 

5 

17 

Co 

— 

— 

6 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Cr 

— 

— 

30 

— 

— 

— 

50 

100 

100 

4 

10 

25 

25 

70 

150 

Cr VI 

5 

5 

— 

0.5 

1 

5 

5 

30 

20 

— 

— 

— 

— 

— 

— 

Cu 

100 

100 

10 

10 

50 

100 

— 

— 

— 

25 

50 

300 

50 

100 

600 

Hg 

1 

1 

0.1 

0.05 

0.2 

1 

5 

10 

10 

0.05 

0.2 

0.3 

0.5 

2 

3 

Mo 

— 

— 

3 

— 

— 

— 

— 

— 

— 

5 

10 

35 

20 

30 

100 

Ni 

20 

20 

10 

2 

10 

20 

50 

100 

100 

5 

10 

30 

20 

40 

120 

Pb 

20 

20 

25 

2 

10 

20 

50 

2000 

100 

5 

10 

30 

25 

50 

150 

Sb 

— 

— 

0.8 

— 

— 

— 

— 

— 

— 

0.2 

0.7 

1.5 

2 

5 

10 

Se 

— 

— 

0.3 

— 

— 

— 

— 

— 

— 

0.3 

0.5 

2 

4 

7 

30 

Sn 

— 

— 

6 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

V 

— 

— 

20 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

w 

— 

— 

0.5 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Zn 

100 

100 

40 

20 

50 

100 

250 

500 

500 

25 

50 

150 

90 

200 

600 

Br" 

— 

— 

160 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

cr 

10,000 

— 

50,000 

— 

— 

100,000 

— 

— 

— 

10,000 

15,000 

85,000 

17,000 

25,000 

150,000 

F" 

500 

Ol 

o 

o 

o 

280 

50 

250 

500 

— 

— 

— 

60 

150 

400 

200 

500 

1200 

soy 

10,000 

— 

80,000 

— 

— 

50,000 

— 

— 

— 

10,000 

20,000 

70,000 

25,000 

50,000 

170,000 

CN" 

10 

10 

5 

— 

— 

— 

5 

10 

10 

— 

— 

— 

— 

— 

— 

Free CN" 

— 

— 

3 

1 

5 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

no 2 - 

300 

300 


— 

— 

300 

— 

— 

— 

— 

— 

— 

— 

— 

— 

NH+ 

— 

10,000 c 


40 

250 

10,000 

— 

— 

— 

— 

— 

— 

— 

— 

— 

pH 

— 

4-13 

3-13 

5.5-13 

5.5-13 

4-13 

4-13 

4-13 

4-13 

>6 

>6 

>6 

— 

— 

— 


All values are expressed in mg/kg dry matter for the sake of comparison, although formal values are sometimes in mg/1. 

a The limit values given in European legislation should be consulted together with the many exceptions that are made possible in the legislative articles. 
b Formal limit values are expressed in mg/1 but are recalculated to mg/kg by multiplication with the applied LIS ratio. 
c Indicative value. 
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of solid waste per year. This leads to more than 1 million 
tons of bottom ash and 150,000 tons of APC residue and 
boiler ash (Lamers and van Aalten, 2001). 

4.2.1. Recycling 

It is the Dutch aim to responsibly maximize recycling 
of MSWI residues and avoid landfilling as much as pos¬ 
sible. The Netherlands are pioneers in recycling waste 
for construction applications. Waste can be recycled in 
granular or in monolithic applications. Waste can be ap¬ 
plied as construction material when immission into the 
soil of selected compounds is below limit values (Table 
2). The immission values have to be calculated from test 
results obtained with the NEN7345 diffusion test for 
monolithic applications and with the NEN7343 column 
test for granular applications. The result of this calcula¬ 
tion depends on where and how much of the material is 
applied. When the material complies with the immission 
limit values for category-1 construction material, it is 
classified as such and no isolation precautions are 
needed to prevent contact with water. When the immis¬ 
sion limit values for category-1 are exceeded, but catego¬ 
ry-2 limit values are complied with, the waste can be 
recycled as category-2 construction material provided 
all necessary isolation measures are taken. 

Bottom ash from waste incineration does not, even 
after isolation measures, comply with the immission lim¬ 
it values for copper, molybdenum and antimony 
(KIWA, 1999) and thus does not comply with the de¬ 
mands for category-2 construction material. Since 
large-scale landfilling of bottom ashes is an undesirable 
option in Dutch policy, the MSWI sector has been sum¬ 
moned to improve the quality of the residues through 
upgrading. As development and implementation of 
upgrading techniques will take time, a special category 
with adjusted, less stringent limit values is temporarily 
created so that these bottom ashes can in the intermedi¬ 
ate period be recycled (BA in Table 2). Extra isolation 
measures have to be taken in comparison with catego¬ 
ry-2 construction material. This special category for bot¬ 
tom ashes will cease to exist on 31 December 2005. 
When the bottom ash complies with the requirements 
of the special category, a recycling certificate is deliv¬ 
ered. This implies that a guideline for recycling of bot¬ 
tom ashes with recycling applications and control 
protocols has to be followed. 

Until 2002 all bottom ashes from waste incineration 
have been recycled as foundations or as embankment 
for road or railway construction (Lamers and van Aal¬ 
ten, 2001). Bottom ashes are sieved in fractions <10- 
12, <40 and >40 mm. The fraction >40 mm is crushed 
and sieved again. Iron scrap and non-ferrous materials 
are removed. The different fractions have to age for at 
least six weeks before use. In 2000, 280,000 tons of trea¬ 
ted bottom ashes complied with the requirements for ca¬ 
tegory-2 construction material, and 630,000 tons were 


considered as special category MSWI-bottom ashes. 
Due to the number of large-scale constructions in which 
bottom ash can be utilized, the demand in the years 
2000-2001 has been such that even bottom ash from 
Belgium was accepted for treatment and used in The 
Netherlands for construction applications. 

4.2.2. Landfilling 

Recycling of fly ash and APC residue is not possible 
because limit values are exceeded even with isolation 
measures; these incinerator wastes have to be landfilled. 
Hazardous wastes have to be landfilled on a C 2 or C 3 
landfill. The selection of the landfill category depends 
on the leachability of several compounds following 
the short NEN7343 column leaching protocol with 
LIS = 1. Limit values are given in Table 3. If concentra¬ 
tions in the leachate are below the limit values, the waste 
is categorized as C 3 . If one or more of the leaching val¬ 
ues are above or equal to the corresponding limit values, 
the waste has to be categorized as C 2 . Q waste is a col¬ 
lection of very specific hazardous wastes, e.g. Hg-con- 
taining waste, untreated As 2 S 3 sludge, etc., for which 
The Netherlands does not have landfilling capacity. In 
The Netherlands there is one landfill specifically for C 2 
wastes, which is a concrete bunker with a capacity of 
230,000 tons hazardous waste, and several C 3 landfills. 

Since 1999 landfilling of fly ash and APC residue 
without prior treatment has been prohibited. These 
wastes can be stored in C 3 landfills in compartments that 
are made suitable for accepting C 2 wastes or in compart¬ 
ments that are made suitable for immobilized wastes. In 
addition, one-fifth of the fly ash from waste incineration 
is recycled as asphalt filler (containing 25% of fly ash). 
Besides landfilling and recycling as filler in asphalt, fly 
ash is also exported from The Netherlands to Germany 
and dumped there as stabilization material for prevent¬ 
ing the collapse of salt mines and for filling up old 
coalmines. 

4.3. Germany 

4.3.1. Recycling 

In Germany, wastes are divided in 7 categories 
depending on the composition and the leachability 
according to the DIN38414-S4 leaching protocol. The 
categories are Z 0 , Zu, Z L2 , Z 2 , Z 3 , Z 4 and Z 5 . The limit 
values are given in Tables 2 and 3. Z 0 wastes can be recy¬ 
cled as construction material without any limitation. 
Z L1 , Z L2 and Z 2 waste have more limited use: Zn can 
be used in hydrologically unfavourable conditions, Z L2 
in hydrologically favourable conditions and for Z 2 
wastes, technical protection measures have to be taken. 

Bottom ashes can be recycled for road construction. 
Besides the above-mentioned categories, a special cate¬ 
gory for bottom ashes has been created (BA in 
Table 2), since leaching of salts from MSWI ashes cannot 
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comply with Z 2 limit values. When recycling is not pos¬ 
sible, the bottom ashes should be landfilled as non-haz- 
ardous waste. 

4.3.2. Landfilling 

Z 3 wastes must be landfilled in category-1 landfills, Z 4 
waste in category-2 landfills and Z 5 wastes in landfills 
for hazardous materials. Both category-1 and -2 landfills 
are for non-hazardous waste, but category 2 is for 
wastes that have a higher leachability than wastes in cat¬ 
egory 1. Landfills for hazardous waste can be above 
ground or underground in salt mines. When hazardous 
wastes do not comply with the Z 5 limit values, they have 
to be treated or stored in underground salt mines in big 
bags. 

The German legislation has identified refilling old 
mines as a useful application for fly ashes and APC res¬ 
idues. This approach has been criticized, because the 
long-term consequences are less clear (Gebers and Kup- 
pers, 1998; Schmitz and Wermuth, 2001). 

4.4. France 

4.4.1. Recycling 

Three types of recycling are distinguished, based on 
the NFX31-210 extraction test (Table 2). Bottom ash 
with a low leachability is of the Y-type (valorization) 
and can be recycled immediately in road and other con¬ 
structions without taking isolation measures. M-type 
bottom ash (maturation) has a medium leachability 
and needs treatment before recycling. This treatment 
can be solidification with a hydraulic binder such as ce¬ 
ment, or ageing. Without treatment this waste has to be 
landfilled in a category-II landfill. Bottom ash with a too 
high level of leachability belongs to the S-type (storage) 
and has to be landfilled in a category-II landfill with 
prior stabilization if needed. Limit values are given for 
only six elements. 

4.4.2. Landfilling 

Incinerator residues that are not recycled, are to be 
landfilled in a category-I or -II landfill. Category-I land¬ 
fills are for hazardous inorganic industrial waste, cate¬ 
gory-II landfills for non-hazardous organic waste. 
Industrial waste that has to be stabilized in order to 
comply with the leaching limit values for a category-I 
landfill (Table 3) can be temporarily stored before treat¬ 
ment. Depending on their leachability, which is to be 
tested with the NFX31-210 extraction test, these stored 
wastes have to be treated within two (category IA) or 
five (category IB) years. The limit values for identifying 
waste as IA or IB depend on the type of waste and are 
given for incinerator residues in Table 3. Fly ash and 
APC residue have to be landfilled in a category-I land¬ 
fill. Non-recyclable bottom ash has to be landfilled in 
a category-II landfill, more specifically in a category- 


IIE2. Other types of category-II landfills are for other 
wastes like plastic, metal and glass (IIE1), other mineral 
wastes (IIE3), etc. 

5. European legislation 

The recycling of incinerator residues is not yet regu¬ 
lated at the European level. 

The European Union however has recently devel¬ 
oped and implemented a policy on landfilling of 
wastes. Two landfill types are applicable to incinerator 
residues. On the one hand, there are landfills for non- 
hazardous wastes including municipal waste and other 
non-hazardous waste. Also stable non-reactive hazard¬ 
ous waste (e.g., solidified waste) that complies with the 
acceptance criteria of the landfill can be disposed of in 
this landfill. On the other hand there are landfills or 
underground storage facilities for hazardous wastes. 
The European Directive, which came into effect in July 
1999, establishes licensing criteria of landfills and 
acceptance procedures for accepting waste at these 
landfills. Leaching criteria were published in a Council 
Decision of January 2003, taking effect on July 16, 
2004. The leaching criteria however will only take effect 
a year later on July 16, 2005. Table 3 shows the limit 
values for the two types of landfill. These values are 
for granular waste. The member states should establish 
criteria for monolithic waste to provide the same level 
of environmental protection given by the limit values 
for granular waste. The European Union also leaves 
it up to the member states to decide which of the three 
permitted leaching tests are used: an extraction test 
with LIS- 2 (EN12457-1/3), an extraction test with 
LIS - 10 (EN12457-2/4) or a short column test with 
LIS = 0.1 (prEN 14405). Instead of the prEN14405 
draft standard procedure, member states can also use 
national procedures approved by the European 
authorities. 


6. Practical evaluation of a bottom ash and fly ash in view 
of recycling and disposal 

6.1. Materials and methods 

A treated bottom ash fraction from a municipal solid 
waste incinerator in Flanders was chosen for its high 
leachability of several heavy metals and was tested for 
its recycling possibilities as a granular material. A fly 
ash from an electrostatic precipitator in an industrial 
waste incinerator in Flanders was tested for its compli¬ 
ance with the landfill limit values of the different na¬ 
tional legislations. The fly ash was immobilized with 
up to 40% of cement (CEM I 42.5 LA) and leached after 
7 days of hardening. 
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Table 4 


Results of column tests (mg/kg dry matter, average of 2 tests) of a 
bottom ash fraction compared to limit values in Flanders, Wallonia 
and The Netherlands (total LIS =10) 



Experiment 

Flanders 

granular 

Wallonia 

BA 

The Netherlands 

Cat. 1 Cat. 2 

BA 

As 

0.20 

0.8 

0.8 

0.88 

7.0 

7.0 

Ba 

n.a. 

— 

— 

5.5 

58 

58 

Cd 

0.01 

0.03 

0.03 

0.032 

0.066 

0.066 

Co 

n.a. 

— 

0.25 

0.42 

2.5 

2.5 

Cr 

0.08 

0.5 

0.5 

1.3 

12 

12 

Cu 

0.63 

0.5 

5.0 

0.72 

3.5 

24 

Hg 

n.a. 

0.02 

0.02 

0.018 

0.076 

0.076 

Mo 

0.51 

— 

1.8 

0.28 

0.91 

26 

Ni 

0.01 

0.75 

1.8 

1.1 

3.7 

3.7 

Pb 

0.13 

1.3 

2.2 

1.9 

8.7 

8.7 

Sb 

0.79 

— 

0.3 

0.045 

0.43 

2.1 

Se 

n.a. 

— 

— 

0.044 

0.1 

0.1 

Sn 

n.a. 

— 

— 

0.27 

2.4 

2.4 

V 

n.a. 

— 

— 

1.6 

32 

32 

Zn 

1.31 

2.8 

4.0 

3.8 

15 

15 

pH 

8.2-9.6 

— 

— 

— 

— 

— 


n.a. = not analyzed. 


Leaching was performed as described in an earlier 
paragraph. All leachates were acidified with concen¬ 
trated HN0 3 and subsequently analyzed for metal con¬ 
centrations using a YG PlasmaQuad PQ-2 Plus ICP- 
mass spectrometer. 

6.2. Results and discussion 

6.2.1. Leaching experiments for recycling of a bottom ash 
fraction 

Recycling of the bottom ash fraction was tested with 
the NEN7343 column test (with a total LIS = 10) for 
comparison with limit values in Flanders, Wallonia 
and The Netherlands and with the DIN and NFX 
extraction tests for comparison with limit values in Wal¬ 
lonia, Germany and France. 


Table 6 


Results of NFX extraction tests (mg/kg dry matter, average of 2 tests) 
of a bottom ash fraction compared to limit values in France 



Experiment 

V 

M 

As 

n.a. 

2.0 

4.0 

Cd 

0.3 

1.0 

2.0 

Cr VI 

0.1 a 

1.5 

3.0 

Hg 

n.a. 

0.2 

0.4 

Pb 

0.2 

10 

50 

pH 

10.0-10.3 

— 

— 


n.a. = not analyzed. 
a This is total Cr. 


The results are summarized in Tables 4-6. Feaching 
exceeded the Flemish limit value for Cu (Table 4). Age¬ 
ing of the bottom ash fraction for three months decreases 
Cu leaching to below the limit value (Jaspers, 2002; 
Yandecasteele et al., 2002). In The Netherlands, this bot¬ 
tom ash fraction would exceed the leaching limit values 
for Category I in the case of Mo and Sb and for Category 
II in the case of Sb. There would be no problem for recy¬ 
cling in the special category for bottom ashes. In Wallo¬ 
nia, there is only a problem with Sb in the column test. In 
the extraction test there is no exceedance (Table 5). How¬ 
ever, the results for both the column test and the extrac¬ 
tion test need to comply with the limit values. The 
bottom ash fraction is not suitable for recycling in Ger¬ 
many: the limit values are exceeded for Z 0 with unre¬ 
stricted reuse (As, Cd, Cr and Pb), Zi. 1? which allows 
reuse in hydrologically unfavourable conditions (As, 
Cd and Cr), Z 1-2 allowing reutilization in hydrologically 
favourable conditions (As and Cd), Z 2 where isolation 
measures need to be taken (As and Cd) and even for 
the special category for bottom ashes (Cd). In France 
immediate recycling is possible (Table 6). 

The results of the column test and the two extraction 
tests differ substantially. This is mainly due to the differ¬ 
ence in pH and whether or not agitation is applied. 


Table 5 


Results of DIN extraction tests (mg/kg dry matter, average of 2 tests) of a bottom ash fraction compared to limit values in Wallonia and Germany 



Experiment 

Wallonia BA 

Germany 





Z 0 

Zi.1 

Z L2 

Z 2 

BA 

As 

0.8 

1.0 

0.1 

0.1 

0.4 

0.6 

— 

Cd 

0.3 

1.0 

0.02 

0.02 

0.05 

0.1 

0.05 

Cr 

0.7 

1.0 a 

0.15 

0.3 

0.75 

1.5 

2 

Cu 

0.5 

20 

0.5 

0.5 

1.5 

3 

3 

Hg 

n.a. 

0.2 

0.002 

0.002 

0.01 

0.02 

0.01 

Ni 

<0.1 

2.0 

0.4 

0.5 

1.5 

2 

0.4 

Pb 

0.3 

2.0 

0.2 

0.4 

1 

2 

0.5 

Th 

n.a. 

— 

<0.01 

0.01 

0.03 

0.05 

— 

Zn 

0.1 

9.0 

1 

1 

3 

6 

3 

pH 

10.2 

7-12 

5.5 10 b 

5.5 12 b 

5.5—12 b 

— 

7-13 


n.a. = not analyzed. 
a This is Cr VI . 
b Indicative values. 
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Table 7 


Results of DIN extraction tests (mg/kg dry matter) of a fly ash compared to limit values in Flanders, Germany and the EU 



Experiment 





Flanders 

Germany 

EU 

No cement a 

+ 10% cement 

+20% cement 

+30% cement 

+40% cement 

Cat. I landfill 

z 5 

Hazardous waste 

As 

4 

2 

03 

0.4 

0.2 

10 

10 

25 

Cd 

163 

49 

0.1 

0.1 

<0.1 

5 

5 

5 

Cr 

1 

0.4 

5 

2 

2 

5 b 

5 b 

70 

Cu 

56 

36 

23 

23 

5 

100 

100 

100 

Hg 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

1 

1 

2 

Ni 

14 

2 

<0.1 

<0.1 

<0.1 

20 

20 

40 

Pb 

32 

16 

1 

0.3 

0.1 

20 

20 

50 

Zn 

22,000 

420 

64 

63 

26 

100 

100 

200 

pH 

6.8 

8.1 

11.6 

12.1 

12.4 

4-13 

4-13 

— 


n.a. = not analyzed. 
a Average of 2 tests. 
b This is Cr VI . 


6.2.2. Leaching experiments for landfilling of a fly ash 

To evaluate whether the fly ash can be landfilled 
immediately or has to be stabilized, the DIN extraction 
test was carried out for comparison with limit values for 
hazardous waste in Flanders, Germany and the EU, the 
NEN7343 column test was used for comparison with the 
Dutch (total LIS - 1) and European (total LAS = 0.1) 
limit values and the NFX31-210 extraction test was used 
for comparison with French limit values. 

The results are shown in Tables 7-9. The Flemish 
limit values for landfilling in a category -2 landfill are 
the same as the German Z 5 limit values for landfilling 
of hazardous waste. Without stabilization the fly ash 
cannot be landfilled as the limit values are exceeded 
for Cd, Pb and Zn (Table 7). In Germany this fly 
ash could be disposed of in salt mines stored in big 
bags. Addition of 20% cement is needed for compliance 

Table 8 


Results of column tests of a fly ash (mg/kg dry matter, average of 2 
results) compared to the Dutch and the European limit values 



The Netherlands (LIS =1) 

European Union (LIS = 0.1) 

Experiment 

C 3 -limit value 

Experiment 

Hazardous 

As 

1.3 

9 

23 

30 

Ba 

n.a. 

60 

n.a. 

600 

Cd 

138 

0.2 

2140 

17 

Co 

6.5 

6 

69 

— 

Cr 

0.8 

30 

16 

150 

Cu 

12.4 

10 

140 

600 

Hg 

n.a. 

0.1 

n.a. 

3 

Mo 

0.6 

3 

8 

100 

Ni 

7.5 

10 

80 

120 

Pb 

2.6 

25 

42 

150 

Sb 

0.2 

0.8 

3 

10 

Se 

n.a. 

0.3 

n.a. 

30 

Sn 

n.a. 

6 

n.a. 

— 

V 

n.a. 

20 

n.a. 

— 

w 

n.a. 

0.5 

n.a. 

— 

Zn 

9466 

40 

116,300 

600 

PH 

5.6-6.1 

3-13 

5.7 

— 


with the above-mentioned limit values. In The Nether¬ 
lands the fly ash does not comply with the require¬ 
ments of a C 3 landfill (the limit values for Cd, Co, 
Cu and Zn are exceeded) and has to be landfilled in 
a C 2 landfill or in a special compartment of a C 3 land¬ 
fill (Table 8 ). In France Cd and Zn leaching exceeds 
the limit value for landfilling on a category-I landfill 
(Table 9). Due to the high leaching of Cd, Pb and 
Zn, no temporary storage of the waste before treat¬ 
ment can be permitted. Addition of cement as a 
hydraulic binder does not decrease leaching of Zn be¬ 
low the limit value of a category-I landfill. Other addi¬ 
tives or techniques have to be investigated. When 
comparing results with the European limit values, 
leaching exceeds the limit values for Cd and Zn both 
in the extraction test (Table 7) and the column test 
(Table 8 ). Using the extraction test, 20% of cement 
has to be added to the waste in order to make it 
acceptable for disposal in a landfill for hazardous 
waste. This corresponds with the required treatment 
in Flanders and Germany. 

7. Comparison of waste management under the different 
legislations 

Waste management in the countries considered differs 
at three levels. At the level of management options , all 
countries distinguish between landfilling and recycling 
of waste. 

In Wallonia, The Netherlands, Germany and France 
recycling of bottom ash has been specifically regulated. 
Limit vales of some components are less stringent com¬ 
pared to the limit values required for recycling of other 
waste types (e.g., Cu, Mo and Sb in The Netherlands; 
As, Cr, Th, CU, SO 4 2 ", total CN“ in Germany), while 
limit values of other components have been tightened 
(e.g., Cd, Hg, Ni, Pb, Zn, free CN“ in Germany) in or¬ 
der to facilitate reuse of bottom ash. Additional precau¬ 
tionary measures also have to be taken. In Flanders no 


n.a. = not analyzed. 
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Table 9 


Results of NFX extraction tests (mg/kg dry matter) of a fly ash compared to French limit values 



Experiment 





Landfill 

Storage 


No cement a 

+ 10% cement 

+20% cement 

+30% cement 

+40% cement 

Cat. I 

Cat. IA 

Cat. IB 

As 

4.4 

5.4 

2.3 

5.1 

1.9 

10 

30 

30 

Cd 

186 

71 

0.1 

1.3 

1.2 

25 

100 

50 

Cr 

0.6 

7.6 

8.2 

13.3 

13.6 

50 

100 

100 

Cr VI 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

5 

30 

20 

Hg 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

5 

10 

10 

Ni 

16.1 

5.6 

2.5 

0.4 

0.2 

50 

100 

100 

Pb 

58 

31 

10.9 

50 

76 

50 

2000 

100 

Zn 

24,771 

5376 

848 

432 

460 

250 

500 

500 

pH 

6.7-8.5 

7.2-11.1 

11.1-11.5 

11.8-11.9 

11.9-12.2 

4-13 

4-13 

4-13 


n.a. = not analyzed. 
a Average of 2 tests. 


specific limit values exist for bottom ash. With the very 
low limit value for Cu leaching, the Flemish market for 
bottom ash recycling is severely hampered. All countries 
are less inclined to recycle fly ash and APC residue than 
bottom ash, but The Netherlands and Germany recycle 
a fraction of these wastes: as filler in asphalt (The Neth¬ 
erlands) or as stabilization material for salt mines 
(Germany). 

Within the landfill option, more similarities exist. All 
countries consider bottom ash as non-hazardous waste 
whereas fly ash and APC residue are considered hazard¬ 
ous, so that these must be disposed of in different 
landfills. 

With regard to leaching tests , column tests and 
extraction tests are applied. While The Netherlands 
use a column test to test landfilling and recycling, Ger¬ 
many and France use an extraction test for landfilling 
and recycling. Flanders makes use of a column test for 
recycling and an extraction test for landfilling. Wallonia 
requires testing by means of both the column test and 
the extraction test for recycling options; no leaching 
tests are required for landfilling. The European legisla¬ 
tion permits extraction tests as well as a short column 
test for landfilling as a compromise. 

As to the limit values , limit values are available for 
more metals in The Netherlands than in any other coun¬ 
try: 19 limit values for recycling and 22 for landfilling. 
Wallonia also has 19 limit values for recycling, but these 
include less critical elements such as Al and K. Germany 
(10-13 limit values for recycling, 11-14 for landfilling), 
Flanders (8 limit values for recycling, 14 for landfilling) 
and the EU (15 limit values for landfilling) have regu¬ 
lated significantly less components. France has the least 
limit values of the regions and countries considered, 
with 6 for recycling and 9 for landfilling. 

It is difficult to compare limit values between coun¬ 
tries that use different types of leaching tests. While equi¬ 
librium is assumed to have been achieved in agitated 
extraction tests, this assumption is much less appropri¬ 
ate for column tests. Within one type of leaching test, 


limit values and leaching results are comparable as long 
as the LIS ratios are equal. The following comparisons 
can be made, based on the limit values in Tables 2,3 
and on the practical evaluation of two incinerator 
residues: 

• Recycling of bottom ash has to be tested with the col¬ 
umn test (LIS =10) both in Wallonia and The Neth¬ 
erlands. The limit values in Wallonia are stricter than 
in The Netherlands although slightly more heavy 
metals are regulated in the latter. In The Netherlands 
extra isolation measures are needed, which are not 
required in Wallonia. 

• According to the limit values, the investigated bottom 
ash can be recycled in The Netherlands (up to 2006) 
and France. In Flanders, Wallonia and Germany, 
the tested bottom ash fraction needs further treat¬ 
ment before recycling. The difference between The 
Netherlands and Flanders is in agreement with the 
comparison of limit values. 

• For landfilling of non-hazardous waste, the Flemish 
limit values for category-1 landfills can be compared 
with the Z 3 and Z 4 landfills in Germany and with 
the values (EN extraction test, LIS =10) for landfill¬ 
ing non-hazardous waste in the EU. The Flemish 
limit values are less stringent than the ones for Z 3 
and even Z 4 in Germany, although more salts are reg¬ 
ulated in Flanders. The EU legislation is stricter than 
the Flemish one, with respect to limit values, and 
comparable with the Z 4 category in Germany, 
although more components (both heavy metals and 
salts) are regulated in the EU. 

• The values for the Category-1 landfill in Flanders are 
equal to the values for the landfill for hazardous 
waste in Germany (both DIN extraction test, LI 
S = 10), except for salts where Germany has more 
components regulated. The limit values for hazardous 
waste set forth in the European legislation are less 
stringent than the ones in Flanders and Germany, 
although more heavy metals are regulated in the EU. 
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With respect to the investigated fly ash, it could be 
disposed of in The Netherlands in a C 2 landfill or in a 
special compartment of a C 3 landfill and in Germany 
in salt mines. In Flanders, Germany and following the 
EU legislation, 20% of cement must be added to the 
fly ash in a solidification/stabilisation process in order 
to make it acceptable in a landfill for hazardous waste. 
In this particular example, the EU is as stringent as 
Flanders and Germany. In France solidification/stabili¬ 
sation with up to 40% cement would not suffice to make 
the waste acceptable in a landfill for hazardous waste; in 
this case another pretreatment is necessary. 

The differences in legislation between the European 
countries may lead to both legal and illegal transport 
of important quantities of waste between European 
countries. In order to prevent illegal activities with pos¬ 
sibly catastrophical consequences for the environment 
and human health, harmonization of legislation is 
needed. To date it is mainly the landfilling legislation 
that is moving towards harmonization. European legis¬ 
lation on recycling should also be developed soon as 
the market for recycling can be rapidly increasing 
nationally as well as internationally. 
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Appendix A 

The consulted legislation is listed hereafter for each 
country or region. 

A.l. Flanders 

• Decreet van 2 juli 1 98 1 (gewijzigd in 1994 ) bet- 

REFFENDE DE VOORKOMING EN HET BEHEER VAN 
AFVALSTOFFEN 

• BESLUIT VAN DE VLAAMSE REGERING VAN 1 JUNI 
1995 (LAATST GEWIJZIGD IN 2002) HOUDENDE ALGEM- 
ENE EN SECTORALE BEPALINGEN INZAKE MILIEU- 
HYGIENE (VLAREM II) 

• VLAAMS REGLEMENT VAN 17 DECEMBER 1997 (VOLLE- 
DIG HERZIEN IN 2004) INZAKE AFVALVOORKOMING 
EN -BEHEER VAN 1998 (VLAREA) 

A.2. Wallonia 

• DeCRET DU 27 JUIN 1996 RELATIF AUX DeCHETS 
(DERNIERE MODIFICATION LE 16 OCTOBRE 2003) 

• ARRETE DU GOUVERNEMENT WALLON DU 10 JUILLET 
1997 ETABLISSANT UN CATALOGUE DES DECHETS 
(MODIFIE LE 24 JANVIER 2002) 


• ARRETE DU GOUVERNEMENT WALLON DU 14 JUIN 

2001 FAVORISANT LA VALORISATION DE CERTAINS 
DECHETS (MODIFIE LE 27 MAI 2004) 

• ARRETE DU GOUVERNEMENT WALLON DU 4 JUILLET 

2002 ARRETANT LA LISTE DES PROJETS SOUMIS A 
LETUDE DINCIDENCES ET DES INSTALLATIONS ET 
ACTIVITES CLASSEES 

• ARRETE DU GOUVERNEMENT WALLON DU 27 FEVR- 
IER 2003 FIXANT LES CONDITIONS SECTORIELLES 
D EXPLOITATION DES CENTRES DENFOUISSEMENT 
TECHNIQUE (MODIFIE LE 18 MARS 2004) 

A.3. The Netherlands 

• BOUWSTOFFENBESLUIT BODEM- EN OPPERVLAKTE- 
WATEREN-BESCHERMING VAN 23 NOVEMBER 1995 

• UITVOERINGSREGELING BOUWSTOFFENBESLUIT 
VAN 30 JANUARI 1998 (GEWIJZIGD OP 5 OKTOBER 2000) 

• STORTBESLUIT BODEMBESCHERMING VAN 20 JANU¬ 
ARI 1993 (GEWIJZIGD OP 5 JANUARI 1998) 

• BESLUIT STORTPLAATSEN EN STORTVERBODEN 
AFVALSTOFFEN VAN 8 DECEMBER 1997 (LAATST GEW¬ 
IJZIGD OP 13 JULI 2001) 

A. 4. Germany 

• Abfallgesetz 

• GESETZ ZUR FORDERUNG DER KREISLAUFWIRTSC- 
HAFT UND SICHERUNG DER UMWELTVERTRAGLI- 
CHEN BESEITIGUNG VON ABFALLEN 

• VERORDNUNG ZUR BESTIMMUNG VON UBERWA- 

CHUNGSBEDURFTIGEN ABFALLEN ZUR 

VERWERTUNG 

• TA-SIEDLUNGSABFALL 

• TA-ABFALL 

• LAGA MITTEILUNGEN, ANFORDERUNGEN AN DIE 
STOFFLICHE VERWERTUNG VON MINER ALISCHEN 
RESTSTOFFEN/ABF ALLEN - TECHNISCHE REGELN 

A. 5. France 

• ARRETE DU 18 DECEMBRE 1992 RELATIF AU STOCK- 
AGE DE CERTAINS DECHETS INDUSTRIELS ULTIMES 
ET STABILISES POUR LES INSTALLATIONS 
EXISTANTES 

• ARRETE DU 18 DECEMBRE 1992 RELATIF AU STOCK- 
AGE DE CERTAINS DECHETS INDUSTRIELS ULTIMES 
ET STABILISES POUR LES INSTALLATIONS 
NOUVELLES 

• ARRETE DU 9 SEPTEMBRE 1997 RELATIF AUX 
DECHARGES EXISTANTES ET AUX NOUVELLES 
INSTALLATIONS DE STOCKAGE DES DECHETS 
MENAGERS ET ASSIMILES. 
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• CIRCULAIRE DU 9 MAI 1994 RELATIVE A LELIMINA- 
TION DES MACHEFERS DINCINERATION DES RESI¬ 
DUES URBAINS 


A. 6. The European Union 

• Directive 1999/3 i/ec of 26 April 1999 on the land¬ 
fill OF WASTE 

• COUNCIL DECISION 2003/33/EC OF 19 DECEMBER 2002 
ESTABLISHING CRITERIA AND PROCEDURES FOR 
THE ACCEPTANCE OF WASTE AT LANDFILLS 
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